US008407539B2

a2 United States Patent 10) Patent No.: US 8,407,539 B2

Ishizuka (45) Date of Patent: Mar. 26,2013

(54) SEMICONDUCTOR DEVICE TEST CIRCUIT, g,ggé,gég ﬁ : ;;}gg; Edanzzi ......................... 7;41127/3;
s s oetal. ...

SEMICONDUCTOR DEVICE, AND ITS 6347381 BL*  2/2002 McCHUte oooorooreorrorro. 714/30

MANUFACTURING METHOD 7251766 B2*  7/2007 Kato ... . 714/733

7141726

2006/0190785 Al* 82006 Pilling ........ .
(75) Inventor: Satoshi Ishizuka, Kanagawa (JP) 2006/0218455 Al*  9/2006 LeClair etal. .. . 714/726
(73) Assignee: Renesas Electronics Corporation, FOREIGN PATENT ]/)OCUMENTS
i Jp 56-108242 8/1981
Kawasaki-shi, Kanagawa P 5.80906 471997
Jp 10-135790 5/1998
(*) Notice: Subject to any disclaimer, the term of this TP 2006-132992 5/2006
patent is extended or adjusted under 35 .o .
U.S.C. 154(b) by 521 days. cited by examiner

Primary Examiner — Gabriel Chu
(74) Attorney, Agent, or Firm — McGinn IP Law Group,

(22) Filed:  Feb. 22,2010 PLLC
(57) ABSTRACT

The test circuit can apply a stress to each node of each object
combinational circuit in the semiconductor device and sup-
press the semiconductor circuit overhead when in burn-in or

(21) Appl. No.: 12/656,974

(65) Prior Publication Data
US 2010/0229057 Al Sep. 9, 2010

G0 Foreign Application Priority Data leak test operations for the semiconductor device while it has
Mar. 3,2000  (JP) eoocooreoroeree s, 2000-049285 ~ Deen impossible to apply such a stress to any of such nodes
’ only with use of an F/F circuit in any conventional environ-
(51) Int.Cl ments. The test circuit is disposed in the semiconductor and
e combined with first and second combinational circuits
GOIR 3128 (2006.01) therein. In the semiconductor device, a transfer gate switch is
(52) US.CL ..o 714/726; 714/724; 714/727 connected between first and second nodes and a first transis-
(58) Field of Classification Search ....................... None tor 1s connected between the second node and a power supp]y,
See application file for complete search history. The second transistor is connected between the second node
and a ground. Each of the transfer gate switch and the firstand
(56) References Cited second transistors operates according to at least one of the
control signals supplied from outside the semiconductor
U.S. PATENT DOCUMENTS device.
5,107,208 A *  4/1992 Lee ... .. 714/733
5,515,505 A * 5/1996 Ishizuka 714/30 5 Claims, 21 Drawing Sheets

31 32

N1

COMBINATIONAL CIRCUIT
COMBINATIONAL CIRCUIT

T™M1

?

T™M2

TM3




US 8,407,539 B2

Sheet 1 of 21

Mar. 26,2013

U.S. Patent

FIG. 1

32

1INDHIO TVYNOILYNISBNOD

31

11NJHIO TVYNOILVYNIGWOD

T™™1

TM2

TM3




US 8,407,539 B2

Sheet 2 of 21

Mar. 26,2013

U.S. Patent

501

FIG. 2

303

404

€ LINOHID

TVNOILYNISNOD

405 [
z

406
501 \
-~

\

302

mzo_._..qz_m_zOo

401

¢ 1INJ¥I0

—\]

\

301

101

L LINJHID

-«

~\

TVNOILVYNIENOD

103

104

<__«ﬁ501 N
i

INV1



US 8,407,539 B2

Sheet 3 of 21

Mar. 26,2013

U.S. Patent

FIG. 3

32

1INJYID TYNOILYNIGWOD

||||||||||||||||||||||||||||||||

TDNA1

31

11NJ¥ID TYNOILVYNIGWOD

™1

TEST DECODER

TM2

TDN2

(
D



U.S. Patent

Mar. 26, 2013 Sheet 4 of 21 US 8,407,539 B2
D

i NAND |
i |
! INV2 |

i —TDN1
: —{ go |
I 1
| 1
| i
] AND2 i
| 1
| 1
i :
I I

T™1 —'—l— N\ +—TDN2
| |
TM2 —— Y, 5
) |
i AND1 l
T™1 T™2 TDN1 TDN2

INPUT INPUT OUTPUT OUTPUT

LOW — HIGH LOW
HIGH LOW LOW LOW
HIGH HIGH HIGH HIGH




U.S. Patent Mar. 26, 2013 Sheet 5 of 21 US 8,407,539 B2

501
et
301 302 303
401 404 106
< < <
102 CZ,;;\ _|FIF %g\ _|FIF & 107
é == == == é
<3 202 | £3 405 | £
103 £ { | g% 7| &g 108
S>3 FE[| & Frr 1 8 <5
O *~— O *— O
104 11 12 13 109
403| . 406
CHL A THL A S
105 [ |FIF \ | |FIF \ 110
g 5/01 W W ﬁm W 205 2
TD
g\f Z

8
Y
0



US 8,407,539 B2

Sheet 6 of 21

Mar. 26,2013

U.S. Patent

FIG. 7

32

1INJHID TYNOILVYNIGINOD

|||||||||||||||||||||||||

TDN1

TEST DECODER

TDN2

(
D



U.S. Patent Mar. 26, 2013 Sheet 7 of 21 US 8,407,539 B2
D
| NAND |
E INV2 |
| [l —TDN1
i AND2
! ]
! ]
i ‘ i
T™M1 —r—l— —TDN2
CLK ———
! i
i AND1 ]
TM1 CLK TDN1 TDN2
INPUT INPUT OUTPUT OUTPUT
LOW — HIGH LOW
HIGH CLOCK CLOCK CLOCK




US 8,407,539 B2

Sheet 8 of 21

Mar. 26,2013

U.S. Patent

FIG. 10

501

303

11

© N © o) o o
o O/ﬂ O/@ o O/O
- D L - 2

e1nodn O

—— 1D

N

TVNOILLVNIGNOD

501
i

302

FIF

*—

N

301

FIF

1 NV

3N

INV1

CLK
™A1



US 8,407,539 B2

Sheet 9 of 21

Mar. 26,2013

U.S. Patent

FIG. 11

32

1INJ¥ID TYNOILVNIGNOD

|||||||||||||||




US 8,407,539 B2

Sheet 10 of 21

Mar. 26,2013

U.S. Patent

FIG. 12

T™M2

™
=
mot:om_o XN S
TVNOILYNISNOD
< To) © Py
o o
N\ PN
_ il m
o
2\ o L l l
Sm_mot:om_o NN 5
LLVNIGWOD
o o 8
A LA g g
™ w o
l !
5L
LLNDHID &\ -
TYNOILYNISNOD p)
AN

ARSRAL

INV1

CLK
™1



US 8,407,539 B2

Sheet 11 of 21

Mar. 26,2013

U.S. Patent

FIG. 13

11INJ¥ID TVNOILYNIGNOD




US 8,407,539 B2

Sheet 12 of 21

Mar. 26,2013

U.S. Patent

FIG. 14

501

106

107
—
108

S
109

110

202

S

8
o Mw/, 1 .
IVYNOILVYNIGNOD _ /
=T =
T e\
™
l
S
© ZLNJHID N[ S
TYNOLLYNISWNOD L—
o S 8
4// L 4/ ™ 4/ ™
I w w
l l
o —
© LLINDYID &N\ ~
TYNOLLVYNISWNOD | /
@ @ @\%@
(4P ] < To] -—
o o o o

INV1

CLK
T™M1



US 8,407,539 B2

Sheet 13 of 21

Mar. 26,2013

U.S. Patent

FIG. 15

GTO

>SS N ///////

DA




US 8,407,539 B2

Sheet 14 of 21

Mar. 26, 2013

U.S. Patent

FIG. 16

“\ OO\ N
N N\
NRNRRNNRNNNNRNNNRRN
\\\ NUV/
LN NN | i
2 =
7 777 ﬂ.,/ /ﬁ/hMN% o =
NINENIE _’r/
NN NN
G NN —
—— Yy NN N ﬁm
T/c\A
)
L
~ T
IISSISISLSSTNNNNIN
ul
(M
(@]
3
T1]
l/\—m
NN mmmmmwmmmmmm
A
i
2
NN N
2




US 8,407,539 B2

Sheet 15 of 21

Mar. 26,2013

U.S. Patent

FIG. 17

32

1IN3YID TVYNOILVNIGNOD

TDN1

INV1

——— ——
- -

- ——

1INJdI0 TVYNOILYNIGWOD

T™1

CLK

TEST DECODER

TDN2

(
D



US 8,407,539 B2

Sheet 16 of 21

Mar. 26,2013

U.S. Patent

FIG. 18

-~
-~
-

-————
- -

- -
- ™ -~

-
———

-———f——
— -

-
~ -
e —————




US 8,407,539 B2

Sheet 17 of 21

Mar. 26,2013

U.S. Patent

FIG. 19

2

7271 KN

N <
NN N NN N
WINNY
R N
,,,,,,,
mwxilm”””””” \A“NNN

N

— AN

N\

Nwell




U.S. Patent Mar. 26, 2013 Sheet 18 of 21 US 8,407,539 B2

FIG. 20

N

S

7
i
7

%

Q
N\

yd

N N NN N NN AN
NN
R

/ =

/ T % X
\\\\\\\\§
NRNNAINNRNNN

N\

F
lf’\“\\
IS

|\\k\\\\\ N //(
\\\\‘\ NN

GATE CND GaATE '4—nN3




US 8,407,539 B2

Sheet 19 of 21

Mar. 26,2013

U.S. Patent

FIG. 21

1INJ¥ID TYNOILYNIGWOD

31

1INJ™UIO TVNOLLYNIEWNOD

™1

CLK




U.S. Patent Mar. 26, 2013 Sheet 20 of 21 US 8,407,539 B2

FIG. 22

VDD 34
___é __:’_/__
- T Y. BN
GT1~|P b
1 12 _I _l J
P / P P P \
l_ N2 ! ! N3
3 PR } B T
GT2~+_ T3 '. ;
N v LN N N !
Ll N
aT3—|[N" Z /
N .. GND -~

GND



U.S. Patent Mar. 26, 2013 Sheet 21 of 21 US 8,407,539 B2

501
e
301 302 303
401 404 106
il i
\ _|FIF / \ _|FIF / 107
-l | -l
< 402 | < 405 | <
103 = s | &Y < | & 108
<o | <0 | 4+ <0
104 @ X o X o & 109
A0 80| 12 8 -
&) O &
105 | |FIF | |FIF 110
201 501 202
501
- Z S
CLK



US 8,407,539 B2

1

SEMICONDUCTOR DEVICE TEST CIRCUIT,
SEMICONDUCTOR DEVICE, AND ITS
MANUFACTURING METHOD

FIELD OF THE INVENTION

The present invention relates to a test circuit to be used for
burn-in and leak tests and more particularly to a circuit that
applies a stress to each node of each object combinational
circuit when in such burn-in and leak tests.

BACKGROUND OF THE INVENTION

Inrecentyears, the reliability requirements of semiconduc-
tor devices have been set higher and higher. And in order to
meet such requirements, there have been invented and
employed various test methods and test circuits. Among those
test methods, there is a burn-in test, which applies a stress to
each object semiconductor device so as to quicken the appear-
ance of physical deterioration and detects semiconductors
having latent trouble factors as defective ones. There is also a
leak test employed often to detect a short circuit between a
signal wiring and another signal wiring or power wiring as an
increase of the supply current.

In case of burn-in tests, it is considered to be ideal to apply
a stress to every transistor gate in the object internal circuit of
the target semiconductor device so that the power supply or
ground potential is supplied evenly to them in point of time. In
case of leak tests, it is considered to be ideal to vary the
potential of each object node of the internal circuit of the
semiconductor device to the power supply potential and the
ground potential and measure the supply current in each state
of the varied potential.

As shown in FIG. 23, an ordinary semiconductor device
includes combinational circuits 301 to 303 and flip-flop
(hereunder, to be described as F/F) circuits 401 to 406. And in
order to improve the defective detection rate, the semicon-
ductor device is provided with a scan test path 501 to which
those F/F circuits are connected serially only in test operation.
Consequently, a scan path test is also adopted together with
such burn-in and leak tests. In case of such a scan path test,
given data is inputted from a scan data input terminal 201 and
stored in an F/F circuit, thereby it becomes possible to set the
value stored in the F/F circuit disposed between combina-
tional circuits inside the subject semiconductor device from
external.

In orderto realize anideal burn-in test as far as possible, the
scan path test is carried out together with a burn-in test to
activate circuits in a range as widely as possible (e.g., patent
gazette JP-A-H9 (1997)-089996). Even when there is any F/F
circuit that cannot be included in a scan chain in a large-scale
semiconductor device, there is a method capable of applying
a stress to each object efficiently. According to the method,
the output of the F/F is toggled so that the combinational
circuit that receives the F/F output is activated as far as pos-
sible, thereby improving the stress application efficiency
(e.g., patent gazettes JP-A-2006-132992 and JP-A-H10
(1998)-135790). Patent gazette JP-A-S56 (1981)-108242
will be described later.

SUMMARY OF THE INVENTION

However, a burn-in test, if a scan path test is included in
that, can activate each circuit in the subject semiconductor
device at a high percentage, but there are still some inactive
circuits left over in the combinational circuit connected to an
F/F circuit that is not included in the scan chain.
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In case of such an F/F circuit that cannot be included in a
scan chain, the F/F output can be toggled by any of the
methods disclosed in the patent gazettes JP-A-2006-132992
and JP-A-H10 (1998)-135790, but the combinational circuit
connected to such an F/F circuit cannot be activated. In order
to set the potential of each node in such an inactive combina-
tional circuit to the power supply or ground potential level, a
scan pattern must be generated by taking consideration to
every logic of the combinational circuit. In this case, however,
even when a huge number of scan patterns are generated for
a large-scale semiconductor in recent years, it is still difficult
to fix the potential level in each of the internal nodes of the
subject combinational circuit disposed in a deep layer from
the external terminal and the F/F circuit. Similarly, simple
toggling of the output of such an F/F circuit that cannot be
included in a scan chain is insufficient for the consideration to
the logic of the combinational circuit that receives the output
from the F/F. This is why the conventional techniques cause
some inactive combinational circuits to be left over.

However, even such an inactive node can be activated by
adding a test F/F circuit to the subject combinational circuit.
In this case, each F/F circuit comes to include plural transfer
gate switches and logic circuits, and furthermore each F/F
circuit comes to include many more transistors than such an
inverter block or the like. And if a node is provided with many
test F/F circuits, the semiconductor circuit overhead increases
significantly. And it is difficult to add test F/F circuits to such
an inactive node one by one.

Under such circumstances, it is an object of the present
invention to dispose a test circuit in the object semiconductor
device so as to be connected to a combinational circuit
therein. The test circuit includes a first switching circuit con-
nected between a first node and a second node; a second
switching circuit connected between a first potential and the
second node; and a third switching circuit connected between
a second potential that is lower than the first potential and the
second node. Each of the first to third switching circuits is
turned on/off according to at least one of the control signals
supplied from outside the semiconductor device.

It is another object of the present invention to provide a
semiconductor device manufacturing method. The method
includes a step of disposing a test circuit provided with first to
third switching circuits in the semiconductor device so as to
be connected to a combinational circuit therein. The first
switching circuit is connected between a first node and a
second node. The second switching circuit is connected
between a first potential and the second node. The third
switching circuit is connected between a second potential that
is lower than the first potential and the second node.

According to the present invention, therefore, it is possible
to dispose this test circuit for a node to which a stress cannot
be applied only with use of an F/F circuit, thereby the stress
can be applied to the node. Furthermore, because this test
circuit is disposed in the subject semiconductor device so as
to be connected to a combinational circuit therein, the semi-
conductor circuit overhead can be suppressed.

This is why the present invention can provide a test circuit,
a semiconductor device, and its manufacturing method, each
of which enables a stress to be applied to each node of each
object combinational circuit to which such a stress cannot be
applied only with use of an F/F circuit and enables the semi-
conductor circuit overhead to be suppressed when in burn-in
or leak test operation for the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram for describing configurations of
atest circuit and its peripheral circuits in the first embodiment
of the present invention;
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FIG. 2 is a block diagram of a semiconductor device that
includes the test circuit in the first embodiment of the present
invention;

FIG. 3 is a block diagram for describing configurations of
a test circuit and its peripheral circuits in the second embodi-
ment of the present invention;

FIG. 4 is a block diagram of a configuration of a test
decoder in the second embodiment of the present invention;

FIG. 5 is a truth table of the test decoder in the second
embodiment of the present invention;

FIG. 6 is a block diagram of a semiconductor device that
includes the test circuit in the second embodiment of the
present invention;

FIG. 7 is a block diagram of configurations of a test circuit
and its peripheral circuits in the third embodiment of the
present invention;

FIG. 8 is a block diagram of a configuration of a test
decoder in the third embodiment of the present invention;

FIG. 9 is a truth table of the test decoder in the third
embodiment of the present invention;

FIG. 10 is a block diagram of a semiconductor device that
includes the test circuit in the third embodiment of the present
invention;

FIG. 11 is ablock diagram of configurations of a test circuit
and its peripheral circuits in the fourth embodiment of the
present invention;

FIG. 12 is a block diagram of a semiconductor device that
includes the test circuit in the fourth embodiment of the
present invention;

FIG. 13 isablock diagram of configurations of a test circuit
and its peripheral circuits in the fifth embodiment of the
present invention;

FIG. 14 is a block diagram of a semiconductor device that
includes the test circuit in the fifth embodiment of the present
invention;

FIG. 15 is a layout diagram that includes the transistors in
the sixth embodiment of the present invention;

FIG. 16 is another layout diagram that includes the tran-
sistors in the sixth embodiment of the present invention;

FIG. 17 is ablock diagram of configurations of a test circuit
and its peripheral circuits in the sixth embodiment of the
present invention;

FIG. 18 is a circuit diagram that includes an output block
and a transfer gate switch in the sixth embodiment of the
present invention;

FIG. 19 is a layout diagram that includes the transistors in
the sixth embodiment of the present invention;

FIG. 20 is a layout diagram that includes the transistors in
the sixth embodiment of the present invention;

FIG. 21 is another block diagram of configurations of a test
circuit and its peripheral circuits in the sixth embodiment of
the present invention;

FIG. 22 isacircuit diagram that includes an input block and
a transfer gate switch in the sixth embodiment of the present
invention; and

FIG. 23 isablock diagram of a configuration of an ordinary
semiconductor device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereunder, there will be described the preferred embodi-
ments of the present invention with reference to the accom-
panying drawings. In the following descriptions, it is pre-
mised that while a LOW signal is inputted to such a part as a
node, a LOW level, that is, a ground level potential is applied
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4

to the part and while a HIGH signal is inputted to the part, a
HIGH level, that is, a power supply level potential is applied
to the part.

First Embodiment

At first, there will be described a configuration of a test
circuit 1, as well as configurations of its peripheral circuits in
the first embodiment of the present invention with reference
to the block diagram shown in FIG. 1. The test circuit 1
includes a transfer gate switch TG consisting of a PMOS
(Positive-channel Metal Oxide Semiconductor) transistor
and an NMOS (Negative-channel Metal Oxide Semiconduc-
tor) transistor. The test circuit 1 also includes a first transistor
(PMOS) T1 connected between a power supply VDD and a
node N2 and a second transistor (NMOS) T2 connected
between a ground GND and the node N2.

The node N1 connected to a combinational circuit 31 and
the node 2 connected to another combinational circuit 32 are
connected to each other through the transfer gate switch TG.
A test mode control terminal TM1 is connected to the PMOS
transistor of the transfer gate switch TG so as to have a
positive logic and to the NMOS transistor so as to have an
inverted logic generated by an inverter logic block INV1.
Another test mode control terminal TM2 is connected to the
first transistor T1 and still another test mode control terminal
TM3 is connected to the second transistor T2.

Next, there will be described a configuration of a semicon-
ductor device that includes the test circuit 1 with reference to
the block diagram shown in FIG. 2. In this semiconductor
device, as shown in FIG. 2, combinational circuits 301 to 303,
flip-flop circuits 401 to 406, and external terminals 101 to 110
are connected to each another. The combinational circuits 301
to 303 include built-in test circuits 11 to 13 that are the same
in configuration as the test circuit 1 respectively. The test
mode control terminals TM1 to TM3 connected to the test
circuits 11 to 13 and the inverter logic block INV1 connected
to the test mode control terminal TM1 are grouped into one
set so as to be prepared for the semiconductor device. The
same control signals are used commonly among those cir-
cuits. Furthermore, the flip-flop circuits 401 to 406, a scan
data input terminal 201, and a scan data output terminal 202
are connected to each another through a scan test path 501.
The flip-flop circuits 401 to 406 are connected to a scan clock
terminal CLK that supplies a clock signal when in scan test
operation.

Next, there will be described the operation of the test circuit
1 with reference to F1G. 1. If another test such as a scan test is
to be carried out while the semiconductor device is operating
as usually, the test circuit 1 must be invalidated. And to
invalidate the test circuit 1, a LOW signal is inputted to the test
mode control terminal TM1 to turn on the transfer gate switch
TG, thereby the nodes N1 and N2 are connected to each other
electrically. Then, a HIGH signal is inputted to the test mode
control terminal TM2 to turnoff the first transistor T1, thereby
the node 2 is disconnected from the power supply VDD. After
this, a LOW signal is inputted to the test mode control termi-
nal TM3 to turn off the second transistor T2, thereby the node
N2 is disconnected from the ground GND. As a result, only
the electrical connection between the nodes N1 and N2 is
kept, thereby the test circuit 1 connected between the combi-
national circuits 31 and 32 is invalidated.

To carry out a burn-in or leak test for the semiconductor
device, the test circuit 1 must be validated. And to validate the
test circuit 1, a HIGH signal is inputted to the test mode
control terminal TM1 to turn off the transfer gate switch TG,
thereby the nodes N1 and N2 are disconnected from each
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other. As a result, the combinational circuits 31 and 32 are
disconnected from each other, thereby the test circuit 1 is
validated.

To apply a HIGH level stress to the node N2, a LOW signal
is inputted to the test mode control terminal TM2 to turn on
the first transistor T1, thereby the node N2 is connected to the
power supply VDD. Then, a LOW signal is inputted to the test
mode control terminal TM3 to turn off the second transistor
T2, thereby the node N2 is disconnected from the ground
GND. As a result, the transtfer gate switch TG is turned off,
thereby a through-current comes to flow between the node N1
and the power supply VDD through the first transistor T1 even
when the signal state of the node N1 is unstable or on the
LOW level. Furthermore, because the second transistor T2 is
also off at this time, no through-current flows between the
node N2 and the ground GND through the second transistor
T2. This is why a HIGH level stress can be applied only to the
node N2.

To apply a LOW level stress to the node N2, a HIGH signal
is inputted to the test mode control terminal TM2 to turn off
the first transistor T1 and disconnect the node N2 from the
power supply VDD. Then, a HIGH signal is inputted to the
test mode control terminal TM3 to turn on the second tran-
sistor T2 and connect the node N2 to the ground GND. Con-
sequently, because the transfer gate switch TG is off at this
time, no through-current flows between the node N1 and the
ground GND through the second transistor T2 even when the
signal status of the node N1 is unstable or on the HIGH level.
And because the first transistor T1 is also off at this time, no
through-current flows between the node N2 and the power
supply VDD through the first transistor T1. This is why a
LOW level stress can be applied only to the node N2.

This means that while the test circuit 1 is validated, the
node N2 can be set on any of the HIGH and LOW levels.
Therefore, if a proper signal is inputted to the test mode
control terminals TM1 to 3 at this time, the integrated time of
stress application to the node N2 can be equalized between
HIGH and LOW levels.

Furthermore, while the signal level of the node N2 is
HIGH, the short circuit between the node N2 and the ground
GND can be detected and while the signal level of the node
N2 is LOW, the short-circuit between the node N2 and the
power supply VDD can be detected by measuring a leak
current therefrom respectively.

Next, there will be described the circuit operation of the
semiconductor device shown in FIG. 2. If another test such as
a scan test is to be carried out while the semiconductor device
is operating as usually, the test circuits 11 to 13 must be
invalidated by the method described above. With this invali-
dation, the test circuits 11 to 13 come to give no influences to
the regular operations of the semiconductor device and the
scan test operation.

To carry out a burn-in or leak test for the semiconductor
device, the signals must be inputted through the external
terminals 101 to 110 respectively. In this case, the flip-flop
circuits 401 to 406 input scan data signals from the scan data
input terminal 201 through the scan test path 501 to which the
flip-flop circuits 401 to 406 are connected so as to be used as
shift registers respectively. Furthermore, the flip-flop circuits
401 to 406 input scan clock signals from the scan clock
terminal CLK so that the data held by those flip-flop circuits
401 to 406 can be set from external. Consequently, the flip-
flop circuits 401 to 406 combined to form a scan chain, as well
as the nodes of the combinational circuits 301 to 303 can be
set on the High or LOW level respectively. Because the sig-
nals inputted from the external terminals 101 to 110 are
combined with scan data in such a way, the flip-flop circuits
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that form the scan chain, as well as the nodes in most of the
combinational circuits can be set to the power supply or
ground level. However, no stress levels can be set for some
flip-flop circuits that are not included in the scan chain, as well
as some nodes in some combinational circuits that can be set
only with complicated signal combinations respectively.

In spite of this, a HIGH or LOW level stress can be applied
even to such nodes in which any of the above-described stress
levels cannot be set if the test circuits 11 to 13 are validated by
the above method and control signals are inputted to the test
mode control terminals TM2 and TM3 respectively.

Consequently, the test circuit 1 can be used to activate even
such nodes in which any of the above stress levels cannot be
set. Furthermore, the test mode control terminal TM1 to TM3
can be controlled so that the integrated time of stress appli-
cation is equalized between HIGH and LOW levels, thereby
an ideal burn-in test operation can be realized. In case of the
leak test, if the leak is measured by plural times by switching
the object node between HIGH and LOW levels, the short
circuit between each node and the power supply VDD/ground
GND can be detected comprehensively.

Second Embodiment

Next, there will be described a configuration of a test circuit
1 and configurations of its peripheral circuits in this second
embodiment with reference to the block diagram shown in
FIG. 3. The test circuit 1 is the same in configuration as that
shown in FIG. 1, so that its description will be omitted here.

A node N1 connected to a combinational circuit 31 and
another node N2 connected to another combinational circuit
32 are connected to each other through a transfer gate switch
TG. A test mode control terminal TM1 is connected to a
PMOS transistor of the transfer gate switch TG and a test
decoder TD so as to have a positive logic respectively while
the test mode control terminal TM1 is connected to an NMOS
transistor of the transfer gate switch TG so as to have an
inverted logic generated by an inverter logic block INV1. The
test mode control terminal TM2 is connected to the test
decoder TD. The test decoder TD is connected to the first
transistor T1 through a test decoder output signal node TDN1
and to the second transistor T2 through a test decoder output
signal node TDN2.

As shown in the block diagram of FIG. 4, the test decoder
TD is configured by an AND logic block AND1, an AND
logic block AND2, an inverter logic block INV2, and a
NAND logic block NAND. The AND logic block AND1
inputs signals from the test mode control terminal TM1 and
TM2. The AND logic block AND2 inputs signals from the
test mode control terminal TM1 and the AND logic block
ANDI1 and outputs signals to the test decoder output signal
node TDN2. The inverter logic block INV2 inputs signals that
are output from the AND logic block AND1. The NAND
logic block NAND inputs signals that are output from the test
mode control terminal TM1 and the inverter logic block
INV2, and outputs signals to the test decoder output signal
node TDNI.

Next, there will be described a configuration of a semicon-
ductor device that includes the built-in test circuit 1 with
reference to the block diagram shown in FIG. 6. In this semi-
conductor device, as shown in FIG. 6, combinational circuits
301 to 303, flip-flop circuits 401 to 406, and external termi-
nals 101 to 110 of the semiconductor device are connected to
each another. In the combinational circuits 301 to 303 are
built test circuits 11 to 13 that are the same in configuration as
the test circuit 1. A test mode control terminal TM1 connected
to the test circuits 11 to 13 and the test decoder TD, another
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test mode control terminal TM?2 connected to the test decoder
TD, an inverter logic block INV1 connected to the test mode
control terminal TM1, and the test decoder TD are grouped
into one set so as to be prepared for the semiconductor device.
The same control signals are used commonly among those
circuits. Furthermore, the flip-flop circuits 401 to 406, the
scan data input terminal 201, and the scan data output termi-
nal 202 are connected to each another through the scan test
path 501. The flip-flop circuits 401 to 406 are connected to a
scan clock terminal CLK that supplies a clock used for scan
test operation.

Next, there will be described the operation of the test circuit
1 with reference to FIG. 3. If another test, such as a scan test,
is to be carried out while the semiconductor device is operat-
ing as usually, the test circuit 1 must be invalidated. And to
invalidate the test circuit 1, a LOW signal is inputted to the test
mode control terminal TM1 to turn on the transfer gate switch
TG and connect the nodes N1 and N2 to each other electri-
cally. In this case, as shown in the truth table of FIG. 5, a
HIGH signal is inputted to the test decoder output signal node
TDN1 and a LOW signal is inputted to the test decoder output
signal node TDN2. Thus the first and second transistors T1
and T2 are kept off regardless of the control signal of the test
mode control terminal TM2. Consequently, while only the
electrical connection between the nodes N1 and N2 is kept,
the test circuit 1 connected between the combinational cir-
cuits 31 and 32 is invalidated.

To carry out a burn-in or leak test is to be carried out for the
semiconductor device, the test circuit 1 must be validated.
And to validate the test circuit 1, a HIGH signal is inputted to
the test mode control terminal TM1 to turn off the transfer
gate switch TG and disconnect the nodes N1 and N2 from
each other electrically. Thus the combinational circuits 31
and 32 are disconnected from each other, thereby the test
circuit 1 is validated.

To apply a HIGH level stress to the node N2, a LOW signal
is inputted to the test mode control terminal TM2. In this case,
as shown in the truth table of F1G. 5,2 LOW signal is inputted
to the first transistor T1 through the test decoder output signal
node TDN1 to turn on the first transistor T1, thereby the node
N2 and the power supply VDD are connected to each other.
On the other hand, a LOW signal is inputted to the second
transistor T2 through the test decoder output signal node
TDN2 to turn off the second transistor T2, thereby the node
N2 is disconnected electrically from the ground GND. Con-
sequently, because the transfer gate switch TG is off at this
time, no through-current flows between the node N1 and the
power supply VDD through the first transistor T1 even when
the signal state of the node N1 is unstable or on the LOW
level. And because the second transistor T2 is also off at this
time, no through-current flows between the node N2 and the
ground GND through the second transistor T2. This is why a
HIGH level stress can be applied only to the node N2.

To apply a LOW level stress to the node N2, a HIGH signal
is inputted to the test mode control terminal TM2. At this
time, as shown in the truth table of FIG. 5, a HIGH signal is
inputted to the first transistor T1 through the test decoder
output signal node TDNT1 to turn off the first transistor T1 and
disconnect the node N2 from the power supply VDD. On the
other hand, a HIGH signal is inputted to the second transistor
T2 through the test decoder output signal node TDN2 to turn
on the second transistor T2 and connect the node N2 to the
ground GND. Consequently, because the transfer gate switch
TG is off at this time, no through-current flows between the
node N1 and the ground GND through the second transistor
T2 even when the signal state of the node N1 is unstable or on
the HIGH level. And because the first transistor T1 is also off
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at this time, no through-current flows between the node N2
and the power supply VDD through the first transistor T1.
This is why a LOW level stress can be applied only to the node
N2.

This means that the node N2 can be set to any of the power
supply level and the ground level while the test circuit 1 is
validated. Therefore, if a proper signal is inputted to the test
mode control terminals TM1 and TM2 respectively, the inte-
grated time of stress application to the node N2 can be equal-
ized between the power supply level and the ground level.

If the test circuit 1 is already invalidated at this time, the
first and second transistors T1 and T2 are kept off. Thus no
through-current flows through the transfer gate switch TG.
Furthermore, because the transfer gate switch TG is kept off
atthis time even when the test circuit is validated, no through-
current flows through the transtfer gate switch TG. This means
that controlling the first and second transistors T1 and T2 can
be linked with controlling the transfer gate switch TG to
surely prevent the through-current from flowing through the
transfer gate switch TG.

On the other hand, in FIG. 1, the operation of the transfer
gate switch TG is independent of the operations of the first
and second transistors T1 and T2. Consequently, a through-
current might flow through the transfer gate switch TG,
although it depends on the input timing of the signals to the
test mode control terminal TM1 to 3. According to this second
embodiment of the present invention, however, such a
through-current flow through the transfer gate switch TG can
be prevented surely. Thus the advantage of this second
embodiment is more than that of the first embodiment of the
present invention.

In this case, the leak test can also be made just like in the
first embodiment.

Next, there will be described the circuit operation of the
semiconductor device shown in FIG. 6. If another test, such as
a scan test, is to be carried out while the semiconductor is
operating as usually, the test circuits 11 to 13 must be invali-
dated by the method described above. With this invalidation,
the test circuits 11 to 13 come to be prevented completely
from affecting the regular operation or the scan test operation
of the semiconductor device.

In case of the semiconductor device shown in FIG. 6, just
like the semiconductor device shown in F1G. 1, there are some
nodes in which no stress levels can be set. This operation
principle is the same as that shown in FIG. 1, so that its
description will be omitted here.

In spite of this, it becomes possible to apply a HIGH or
LOW level stress even to such nodes in which no stress levels
cannot be set if the test circuits 11 to 13 are invalidated by the
method described above and control signals are inputted to
the test mode control terminal TM2. Consequently, this sec-
ond embodiment can also be assured to obtain the same
effects as those in the first embodiment.

Furthermore, according to the configuration of the semi-
conductor device in this second embodiment, because a test
decoder TD is used, the test mode control terminal TM3,
which is used in the first embodiment, can be eliminated. The
burn-in or leak test can thus be carried out more easily and
more ideally.

Third Embodiment

In this third embodiment of the present invention, the test
mode control terminal TM2 used in the second embodiment is
replaced with a scan clock terminal CLK.

At first, there will be described a configuration of a test
circuit 1 and configuration of its peripheral circuits with ref-
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erence to the block diagram shown in FIG. 7. In FIG. 7, the
test mode control terminal TM2 shown in FIG. 3 is replaced
with a scan clock terminal CLK as described above. Other
components are the same as those shown in FIG. 3, so that the
description for them will be omitted here.

Also in the test decoder TD shown in FI1G. 8, the test mode
control terminal TM2 shown in FIG. 4 is replaced with a scan
clock terminal CLK. Other parts are the same as those shown
in FIG. 4, so that the description for them will be omitted here.

Next, there will be described a configuration of a test circuit
1 that includes a built-in test circuit 1 with reference to the
clock diagram shown in FIG. 10. In the test decoder TD
shown in FIG. 10, the test mode control terminal TM2 shown
in FIG. 6 is replaced with a scan clock terminal CLK as
described above. Other parts are the same as those shown in
FIG. 6, so that the description for them will be omitted here.

Next, there will be described the operation of the test circuit
1 with reference to FIG. 7. If another test, such as a scan test,
is to be carried out while the semiconductor is operating as
usually, the test circuit 1 must be invalidated just like in the
second embodiment. As a result, the first and second transis-
tors T1 and T2 come to be kept off.

To carry out a burn-in or leak test for the semiconductor
device, the test circuit 1 must be validated. And just like in the
second embodiment, to validate the test circuit 1, a HIGH
signal is inputted to the test mode control terminal TM1.

In this case, the first and second transistors T1 and T2 input
the same signal as the scan clock signal supplied to the test
decoder TD as shown in the truth table of FIG. 9.

While the level of the scan clock signal is LOW, the first
transistor T1 inputs a LOW signal through the test decoder
output signal node TDNI1, thereby the first transistor T1 is
turned on to connect the node N2 and the power supply VDD
to each other. On the other hand, the second transistor T2
inputs a LOW signal through the test decoder output signal
TDNZ2, thereby the second transistor T2 is turned off to dis-
connect the node N2 from the ground GND electrically.

Consequently, because the transfer gate switch TG is off at
this time, no through-current flows between the node N1 and
the power supply VDD through the first transistor T1 even
when the signal state of the node N1 is unstable or on the
LOW level. Furthermore, no through-current flows between
the node N2 and the ground GND through the second tran-
sistor T2. This is why a HIGH level stress can be applied only
to the node N2.

While the level of the scan clock signal is HIGH, the first
transistor T1 inputs a HIGH signal through the test decoder
output signal node TDNI1, thereby the first transistor T1 is
turned off to disconnect the node N2 and the power supply
VDD from each other. On the other hand, the second transis-
tor T2 inputs a HIGH signal through the test decoder output
signal node TDN2, thereby the second transistor T2 is turned
on to connect the node N2 to the ground GND electrically.
Consequently, because the transfer gate switch TG is off at
this time, no through-current flows between the node N1 and
the ground GND through the second transistor T2 even when
the signal state of the node N1 is unstable or on the HIGH
level. Furthermore, because the first transistor T1 is also off at
this time, no through-current flows between the node N2 and
the power supply VDD through the first transistor T1. This is
why a LOW level stress can be applied only to the node N2.

This means that the node N2 can be set to any of the power
supply level and the ground level evenly in integrated time.

Next, there will be described the circuit operation of the
semiconductor device shown in FIG. 10. In FIG. 10, the
control signal supplied through the test mode control terminal
TM2 shown in FIG. 6 is replaced with the scan clock signal.
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Other operation principles are the same between FIG. 10 and
FIG. 6, so that the description for them will be omitted here.

Consequently, because the test decoder TD inputs the scan
clock signal at this time, this third embodiment can obtain the
same effects as those in the second embodiment. Further-
more, the scan clock signal is supplied alternately and evenly
between the HIGH and LOW levels. Thus no adjustment is
required to equalize the integrated time of stress application
between the power supply level and the ground level of the
test mode control signal. Without such adjustments, the inte-
grated time of stress application can be equalized automati-
cally between those two levels in this third embodiment. This
is why the burn-in or leak test can be carried out more easily
and more ideally in this third embodiment.

Fourth Embodiment

At first, there will be described a configuration of a test
circuit 2 and configurations of its peripheral circuits in this
fourth embodiment of the present invention with reference to
the block diagram shown in FIG. 11. The test circuit 2
includes a transfer gate switch TG consisting of a PMOS
transistor and an NMOS transistor. The test circuit also
includes a first transistor T1 and a second transistor T2 that are
PMOS transistors connected to each other serially between a
power supply VDD and a node N2. The test circuit 2 further
includes a third transistor T3 and a fourth transistor T4 that are
NMOS transistors connected to each other serially between a
ground GND and a node N2.

A node N1 connected to a combinational circuit 31 and
another node N2 connected to another combinational circuit
32 are connected to each other through a transfer gate switch
TG. And a test mode control terminal TM1 is connected to the
PMOS transistor of the transfer gate switch TG and the fourth
transistor T4 respectively so as to have a positive logic while
the test mode control terminal TM1 is connected to the
NMOS transistor of the transfer gate switch TG and the first
transistor T1 respectively so as to have an inverted logic
generated by the inverter logic block INV1. The test mode
control terminal TM2 is connected to the second transistor T2
and the third transistor T3 respectively.

Next, there will be described a configuration of a semicon-
ductor device that includes a built-in test circuit 2 with refer-
ence to the block diagram shown in FIG. 12. In this semicon-
ductor device, as shown in FIG. 12, combinational circuits
301 to 303, flip-flop circuits 401 to 406, and external termi-
nals 101 to 110 of the semiconductor device are connected to
each another. The combinational circuits 301 to 303 include
built-in test circuits 21 to 23 having the same configuration as
that of the test circuit 1. The test mode control terminals TM1
and TM2 connected to the test circuits 21 to 23 and the
inverter logic block INV1 connected to the test mode control
terminal TM1 is grouped into one set so as to be prepared for
the semiconductor device and the same control signals are
used commonly by those circuits.

Furthermore, the flip-flop circuits 401 to 406, the scan data
input terminal 201, and the scan data output terminal 202 are
connected to each another through a scan test path 501. The
flip-flop circuits 401 to 404 are connected to a scan clock
terminal CLK that supplies a clock for scan test operations.

Next, there will be described the operation of the test circuit
2 with reference to FIG. 11. While the semiconductor device
is operating as usually, if another test, such as a scan test, is to
be carried out, the test circuit 1 must be invalidated. And to
invalidate the test circuit 1, a LOW signal is inputted to the test
mode control terminal TM1 to turn on the transfer gate switch
TG and connect the nodes N1 and N2 electrically to each
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other. At this time, a LOW signal is inputted to the fourth
transistor T4 connected to the test mode control terminal TM1
s0 as to have a positive logic. Consequently, the fourth tran-
sistor T4 is turned off, thereby the node N2 is disconnected
electrically from the ground GND. On the other hand, a HIGH
signal is inputted to the first transistor T1 connected to the test
mode control terminal TM1 so as to have an inverted logic.
Consequently, the first transistor T1 is turned off to discon-
nect the node N2 from the power supply VDD. And only the
electrical connection between the nodes N1 and N2 is kept at
this time, thereby the test circuit 1 connected between the
combinational circuits 31 and 32 is invalidated.

To carry out a burn-in or leak test for the semiconductor
device, the test circuit 1 must be validated. And to validate the
test circuit 1, a HIGH signal is inputted to the test mode
control terminal TM1 to turn off the transfer gate switch TG
and disconnect the nodes N1 and N2 from each other. Con-
sequently, the combinational circuits 31 and 32 are discon-
nected from each other, thereby the test circuit 1 is validated.
At this time, the fourth transistor T4 connected to the test
mode control terminal TM1 so as to have a positive logic
inputs a HIGH signal, thereby the fourth transistor T4 is
turned on.

On the other hand, the first transistor T1 connected to the
test mode control terminal TM1 so as to have an inverted logic
inputs a LOW signal, thereby the first transistor T1 is turned
on. Consequently, when the test mode control terminal TM2
inputs a signal, the second and third transistors T2 and T3 are
activated; thereby, it becomes possible to control the stress
application level for the node N2.

To apply a HIGH level stress to the node N2, a LOW signal
is inputted to the test mode control terminal TM2 to turn on
the second transistor T2 and turn off the third transistor T3.
Consequently, the node N2 is connected to the power supply
VDD and the node N2 is disconnected from the ground GND.
As a result, because the transfer gate switch TG is off at this
time, no through-current flows between the node N1 and the
power supply VDD through the first and second transistors T1
and T2 even when the signal state of the node N1 is unstable
or on the LOW level. Furthermore, because the third transis-
tor T3 is off while the fourth transistor T4 is on at this time, no
through-current flows between the node N2 and the ground
GND. This is why a HIGH level stress can be applied only to
the node N2.

To apply a LOW level stress to the node N2, a HIGH signal
is inputted to the test mode control terminal TM2 to turn off
the second transistor T2 and turn on the third transistor T3. As
a result, the node N2 is disconnected form the power supply
VDD and the node 2 is connected to the ground GND elec-
trically. Consequently, because the transfer gate switch TG is
off at this time, no through-current flows between the node N1
and the ground GND through the third and fourth transistors
T3 and T4 even when the signal state of the node N1 is
unstable or on the HIGH level. And because the first transistor
T1 is on and the second transistor T2 is off at this time, no
through-current flows between the node N2 and the power
supply VDD. This is why a LOW level stress can be applied
only to the node N2.

In other words, if the test circuit 1 is validated, the node N2
can be set to any of the power supply level and the ground
level. This is why the burn-in or leak test can be carried out in
this fourth embodiment just like in the first embodiment.

Furthermore, if the test circuit 2 is invalidated, the first and
fourth transistors T1 and T4 are kept off. Thus no through-
current flows through the transfer gate switch TG. Even when
the test circuit 2 is validated, because the transfer gate switch
TG is kept off at this time, no through-current flows through
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the transfer gate switch TG. In other words, controlling of the
first and fourth transistors T1 and T4 can be linked with
controlling of the transfer gate switch TG so as to surely
prevent the through-current from flowing through the transfer
gate switch TG. Therefore, this fourth embodiment can also
obtain the same effects as those of the second embodiment.

Next, there will be described the circuit operation of the test
circuit shown in FIG. 12. While the semiconductor device is
operating as usually, if another test, such as a scan test, is to be
carried out, the test circuits 21 to 23 must be invalidated by the
method described above. With this invalidation, the test cir-
cuits 21 to 23 come to be prevented completely from affecting
the regular operations of the semiconductor device or scan
test operations for the semiconductor device.

Just like in the semiconductor device shown in FIG. 1, also
in case of the semiconductor device shown in FIG. 12, there
are some nodes in which no stress levels can be set. This
operation principle of the semiconductor device shown in
FIG. 12 is the same as that of the semiconductor device shown
in FIG. 1, so that its description will be omitted here.

If the test circuits 21 to 23 are validated just like in the
above embodiments and a control signal is inputted to the test
mode control terminal TM2, however, it becomes possible to
apply a HIGH or LOW level stress even to those nodes in
which no stress levels can be set.

By using the test circuit 2, therefore, it becomes possible to
activate those nodes that are disabled for stress level setting.
In addition, by controlling the test mode control terminals
TM1 and TM2 so that the integrated time of stress application
can be equalized between the HIGH and LOW levels, this
fourth embodiment comes to obtain the same effects as those
in the first embodiment.

In case of the semiconductor device that includes the test
circuit 2 as shown in FIG. 12, the test decoder TD required for
the semiconductor device shown in FIG. 6 can be omitted.
Even so, the semiconductor device can obtain the same
effects as those of the semiconductor device shown in FIG. 6.
This is why the burn-in or leak test can be carried out more
easily and more ideally in this fourth embodiment.

Fifth Embodiment

In this fifth embodiment, the test mode control terminal
TM2 in the fourth embodiment is replaced with a scan clock
terminal CLK.

At first, there will be described a configuration of a test
circuit 2 and configurations of its peripheral circuits in this
fifth embodiment of the present invention with reference to
FIG. 13. In FIG. 13, the test mode control terminal TM2
shown in FIG. 11 is replaced with a scan clock terminal CLK
as described above. Other components are the same as those
shown in FIG. 11, so that the description for them will be
omitted here.

Next, there will be described the configuration of the semi-
conductor device that includes a built-in test circuit 2 with
reference to the block diagram shown in FIG. 14. In FIG. 14,
the test circuits 21 to 23 are connected to the scan clock
terminal CLK respectively, instead of the test mode control
terminal TM2 shown in FIG. 6. Other components are the
same as those shown in FIG. 12, so that the description for
them will be omitted here.

Next, there will be described the operation of the test circuit
2 with reference to FIG. 13. While the semiconductor device
is operating as usually, if another test, such as a scan test, is to
be carried out, the test circuit 2 must be invalidated just like in
the above fourth embodiment. Consequently, the first and
fourth transistors T1 and T4 are also kept off in this case.
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To carry out a burn-in or leak test for the semiconductor
device, the test circuit 2 must be validated. And to validate the
test circuit 2, a HIGH signal is inputted to the test mode
control terminal TM1 just like in the fourth embodiment.

The second and third transistors T2 and T3 input a scan
clock signal respectively. While the level of the scan clock
signal is LOW, the second transistor T2 inputs a LOW signal,
thereby the second transistor T2 is turned on and the node N2
is connected to the power supply VDD. On the other hand, the
third transistor T3 inputs a LOW signal, thereby the third
transistor T3 is turned off and the node N2 is disconnected
from the ground GND. Consequently, because the transfer
gate switch TG is off at this time, no through-current flows
between the node N1 and the power supply VDD through the
first and second transistors T1 and T2 even when the signal
state of the node N1 is unstable or on the LOW level. Further-
more, while the fourth transistor T4 is on, the third transistor
T3 is kept off. Thus no through-current flows between the
node N2 and the ground GND. This is why a HIGH level
stress can be applied only to the node N2.

While the level of the scan clock signal is HIGH, the
second transistor T2 inputs a HIGH signal, thereby the second
transistor T2 is turned off and the node N2 is disconnected
from the power supply VDD. On the other hand, the third
transistor T3 inputs a HIGH signal, thereby the third transis-
tor T3 is turned on and the node N2 is connected to the ground
GND. Consequently, because the transfer gate switch TG is
off at this time, no through-current flows between the node N1
and the ground GND through the third and fourth transistors
T3 and T4 even when the signal state of the node N1 is
unstable or on the HIGH level. Furthermore, because the first
transistor is on and the second transistor T2 is off at this time,
no through-current flows between the node N2 and the power
supply VDD. This is why a LOW level stress can be applied
only to the node N2.

This means that the node N2 can be set to any of the power
supply level and the ground level just like in the fourth
embodiment.

Next, there will be described the circuit operation of the
semiconductor device shown in FIG. 14. In this fifth embodi-
ment of the present invention, the control signal supplied
through the test mode control terminal TM2 shown in FIG. 12
is replaced with the scan clock signal. Other operation prin-
ciples are the same as those in the above embodiment, so that
the description for them will be omitted here.

Because the scan clock signal is inputted to the test circuit
2, this is why this fifth embodiment can obtain the same
effects as those in the fourth embodiment. Furthermore, the
level of the scan clock signal is alternated between HIGH and
LOW so as to be supplied evenly. Consequently, without
special adjustments, the integrated time of stress application
can be equalized automatically between the power supply
level and the ground level of the test mode control signal. As
a result, the burn-in or leak test can be carried out more easily
and more ideally in this fifth embodiment.

Sixth Embodiment

Here, there will be described how transistors and transfer
gate switches used to configure the above test circuits 1 and 2
respectively can be built in a logic block of a combinational
circuit. FIGS. 15 through 22 are block and circuit diagrams
for describing how elements including CMOS (Complemen-
tary Metal Oxide Semiconductor) transistors are arranged in
a matrix on a substrate. It is a general way to dispose CMOS
transistors on a substrate in a matrix pattern. For example,
FIG. 8 in the patent gazette JP-A-S56 (1981)-108242 shows
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such a conventional matrix structure. And FIGS. 15, 16, 19,
and 20 show block and circuit diagrams for describing only
the basic and simple layouts in the sixth embodiment of the
present invention.

At first, there will be described how PMOS and NMOS
transistors used for a transfer gate switch of one test circuit of
the present invention can be built in a logic block of a com-
binational circuit with reference to FIGS. 15 through 18. FIG.
15 is a general layout diagram of CMOS transistors. In the
N-well region Nwell are formed PMOS transistors and in the
P-well region Pwell are formed NMOS transistors. Those
PMOS and NMOS transistors are arrayed through common
gates GATE respectively. A power supply VDD is connected
to the source of each PMOS transistor while a ground GND is
connected to the drain of each NMOS transistor. Further-
more, the same signals are connected to the common gates
GATE through a gate input path GT0 respectively. In this
configuration, the node N1 is assumed as an output of the
block.

FIG. 17 is ablock diagram that includes an output block 33
built in the combinational circuit 31 shown in FIG. 7 addi-
tionally. The output block 33 outputs a signal to the node N1
according to the input signal from the gate input signal path
GTO. The output signal is a signal inverted from the input
signal to the gate input signal path GT0 Each of the PMOS
and NMOS transistors of the output block 33 consists of
plural transistors connected to in parallel to the same node in
its actual layout. In FIG. 17, they are grouped into one tran-
sistor.

FIG. 18 is a circuit diagram that represents only the output
block 33 and the transfer gate switch TG included in the test
circuit 1. The block represented as one transistor in FIG. 17
actually consists of four PMOS transistors and four NMOS
transistors that are connected in parallel. The gate input signal
path GTP is connected to the gate of the PMOS transistor of
the transfer gate switch TG. On the other hand, a gate input
signal path GTN is connected to the gate of the NMOS tran-
sistor. The configuration of this output block 33 is equivalent
to that shown in FIG. 15.

FIG. 16 is a block diagram of a layout in which PMOS and
NMOS transistors are added to the transfer gate switch TG by
using the P-well region Pwell and the N-well region Nwell of
the output block 33. The configuration shown in FIG. 16 is
equivalent to the circuit diagram shown in FIG. 18. The node
N2 is connected to the N-well region Nwell. And the node N2
combined with the gate GATE to which the gate input signal
path GTP is connected so as to form a PMOS transistor of the
transfer gate switch TG. Furthermore, the node N2 is con-
nected to the P-well region Pwell and combined with the gate
GATE to which the gate input signal path TGN is connected
s0 as to form an NMOS transistor of the transfer gate switch
TG. Consequently, because the P-well region Pwell and the
N-well region Nwell of the output block 33 are used as are, the
area overhead can be reduced more than in the case in which
a P-well region Pwell and an N-well region Nwell are newly
prepared for the transfer gate switch TG.

According to the configuration shown in FIG. 16, there-
fore, not only the transfer gate switch TG shown in FIG. 7, but
also the transfer gate switch TG shown in any of FIGS. 1, 3,
11, and 13 can be built in a combinational circuit.

Next, there will be described how the first to fourth tran-
sistors T1 to T4 connected serially as shown in FIG. 13 can be
built in a logic block of a combinational circuit with reference
to FIGS. 19 through 22. FIG. 19 is a block diagram of a
general layout of a CMOS transistor. In the layout, PMOS
transistors are formed in the N-well region Nwell and NMOS
transistors are formed in the P-well region Pwell. Those
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PMOS and NMOS transistors are arrayed through common
gates GATE respectively. A power supply VDD is connected
to the source of each PMOS transistor and a ground GND is
connected to the drain of each NMOS transistor. The same
signals are connected to the common gates GATE through the
node N2 respectively. The node N3 is used as the output of
this configuration block.

FIG. 21 is a circuit diagram that includes an input block 34
that is built in the combinational circuit 34 additionally to the
configuration shown in FIG. 13. The input block 34 outputs a
signal to the node N3. The output signal is a signal inverted
from the signal received from the node N2. In the input block
34 in the actual layout are provided plural PMOS and plural
NMOS transistors connected to the same node in parallel. In
FIG. 21, those transistors are represented as one transistor
collectively.

FIG. 22 is a circuit diagram that represents only the first to
fourth transistors T1 to T4 included in the input block 34 and
in the test circuit. In the input block 34, the section repre-
sented as one transistor in FIG. 21 is represented here as three
PMOS transistors and three NMOS transistors connected in
parallel respectively. The configuration of this input block 34
is equivalent to the configuration shown in FIG. 19.

FIG. 20 is a block diagram of a layout in which the first to
fourth transistors T1 to T4 are added by using the P-well
region Pwell and the N-well region Nwell of the input block
34. The configuration shown in FIG. 20 is equivalent to the
circuit diagram shown in FIG. 22. In FIG. 20, the gate input
signal path GT1 is connected to a gate GATE to form the first
transistor T1. The gate input signal path GT2 is connected to
another gate GATE to form the second and third transistors T2
and T3. And the gate input signal path GT3 is connected to
still another gate GATE to form the fourth transistor T4. And
in order to separate the first and fourth transistors T1 and T4
from each other, the gates of the first and fourth transistors T1
and T4 are separated from each other. The sources and drains
ofthe second and third transistors T2 and T3 are connected to
the node N2 respectively. And because the P-well region
Pwell and the N-well region Nwell of the input block 34 are
used as are, the area overhead can be reduced more than in the
case in which another P-well region Pwell and another N-well
region Nwell are prepared newly for the first and fourth tran-
sistors T1 to T4.

According to the configuration shown in FIG. 20, there-
fore, not only the first to fourth transistors T1 to T4 connected
serially as shown in FIG. 13, but also the transistors shown in
FIG. 11 can be built in a combinational circuit. Furthermore,
the number of transistors is not limited only to four; even the
first and second transistors T1 and T2 connected serially as
shown in FIGS. 1, 3, and 7 respectively can be built in such a
combinational circuit.

Optional Embodiments

Needless to say, the present invention is not limited only to
the embodiments described above; it is to be understood that
modifications will be apparent to those skilled in the art
without departing from the spirit of the invention. For
example, the test decoder TD shown in the block diagram of
FIG. 4 and in the truth table of FIG. 5 is just an example for
realizing the above logic. The test decoder TD can also take
another circuit configuration if the circuit can realize the same
function. The same may also be said of the test decoder TD
shown in the block diagram of FIG. 8 and in the truth table of
FIG. 9.

InFIG. 10, as an example, the scan clock signal supplied to
the flip-flop circuit when in scan test operation is inputted to
the test decoder TD. This scan clock may be replaced with
another clock signal. Another clock signal used in the semi-
conductor device can also be used as the scan clock signal if
the clock signal can be supplied for burn-in test operation.
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Also in this case, burn-in or leak tests can be carried out with
the same effects as those obtained above. Furthermore, the
same may also be said of the case shown in FIG. 14.

In FIGS. 16 and 20 are used the P-well region Pwell and
N-well region Nwell of the output block 33 and the input
block 34 of the combinational circuit connected directly to
the subject test circuit block. However, it is also possible to
use the P-well region Pwell and N-well region Nwell of the
output block 33 and the input block 34 of a combinational
circuit that is not connected directly to the subject test circuit
if the combinational circuit exists around the subject test
circuit.

What is claimed is:

1. A test circuit disposed in a semiconductor device and
combined with a combinational circuit therein, comprising:

a first switching circuit connected between a first node and

a second node;

a second switching circuit connected between a first poten-

tial and the second node; and

a third switching circuit connected between a second

potential that is lower than the first potential and the
second node,

wherein each of the first to third switching circuits is turned

on/off according to at least one control signal supplied
from external, and

wherein the test circuit is disposed together with the com-

binational circuit between plural flip-flop circuits
included in a scan chain or between a flip-flop circuit
included in the scan chain and a signal terminal of the
semiconductor device.

2. A test circuit disposed in a semiconductor device and
combined with a combinational circuit therein, comprising:

a first switching circuit connected between a first node and

a second node;

a second switching circuit connected between a first poten-

tial and the second node; and

a third switching circuit connected between a second

potential that is lower than the first potential and the
second node,

wherein each of the first to third switching circuits is turned

on/off according to at least one control signal supplied
from external, and

wherein the operations of the first to third switching cir-

cuits are independent of each other.

3. A test circuit disposed in a semiconductor device and
combined with a combinational circuit therein, comprising:

a first switching circuit connected between a first node and

a second node;

a second switching circuit connected between a first poten-

tial and the second node; and

a third switching circuit connected between a second

potential that is lower than the first potential and the
second node,

wherein each of the first to third switching circuits is turned

on/off according to at least one control signal supplied
from external, and

wherein the second and third switching circuits can be

turned off when the first switching circuit is turned on;
and

wherein either the second or third switching circuit can be

turned on when the first switching circuit is turned off.

4. The test circuit according to claim 3,

wherein the operations of the second and third switching

circuits are synchronized with a clock signal.

5. The test circuit according to claim 4,

wherein the clock signal is a scan clock signal supplied to

the flip-flop circuits included in the scan chain when in
scanning test operation.
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